Fetal model of single ventricle physiology: hemodynamic effects of oxygen, nitric oxide, carbon dioxide, and hypoxia in the early postnatal period.
In patients with single ventricle physiology, the distribution of flow to the systemic and pulmonary circulations, which are in parallel, largely depends on the relative resistances in the respective vascular beds. Although neonatal palliation in patients with single ventricle physiology has become more common, medical management during the perinatal and perioperative periods is often based primarily on personal and institutional experience and is complicated by the transition to postnatal life and the effects of cardiopulmonary bypass. The lack of an animal model that suitably mimics single ventricle physiology has impeded progress in this area. The purpose of the current study was to investigate the effects of respiratory manipulations on pulmonary hemodynamics in the early neonatal period in a reproducible model of single ventricle physiology created in utero. A 10 mm Damus-Kaye-Stansel aortopulmonary anastomosis was created in fetal sheep (n = 14) at 140 +/- 1.2 days' gestation, with pulmonary blood flow provided through a 5 mm aortopulmonary shunt after ligation of the main pulmonary artery distally. Two to 3 days after delivery at term, lambs (n = 11) underwent an open sternotomy and 30 minutes of deep hypothermic circulatory arrest. Both before and after bypass, respiratory manipulations, including administration of nitric oxide (80 ppm), 100% oxygen, 10% oxygen, and 5% carbon dioxide, were performed and hemodynamic variables were measured. Nitric oxide and oxygen caused a decrease in pulmonary vascular resistance and an increase in the pulmonary/systemic blood flow ratio, both before and after bypass. Hypoxia and carbon dioxide produced a significant rise in pulmonary vascular resistance and a significant drop in the ratio of pulmonary to systemic blood flow. Oxygen, nitric oxide, and carbon dioxide all appear to be useful means of manipulating pulmonary vascular resistance and pulmonary/systemic blood flow ratio in neonatal lambs with single ventricle physiology, but further investigation is necessary to understand their dose responsive effects and the effects of prolonged administration.